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(57) ABSTRACT

Provided herein 1s a separating device for removing sand and
rock particles 1n the extraction of liquids or gases from wells
drilled 1n rock having a plurality of brittle-hard annular discs
stacked one on top of another and axially braced by a sup-
porting structure. The annular discs have at least three spacers
uniformly distributed over the circumierence on their upper
side. The discs are stacked on each other such that the spacers
lie one over another and a separating gap with a height of
0.05-1 mm, pretferably 0.2-0.5 mm, 1s present between each
of the discs. Similarly, another embodiment of the separating
device has a plurality of brittle-hard bush-shaped elements
with slits formed therein.

19 Claims, 5 Drawing Sheets
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SEPARATING DEVICE FOR REMOVING
SAND AND ROCK PARTICLES

This 1s a National Phase Application filed under 35 U.S.C.
§371 as a national stage of PCT/EP2009/008021, filed on
Nov. 10, 2009, an application claiming the benefit under 35
U.S.C. §119 of German Patent Application No. 10 2008 057
894.0, filed on Nov. 18, 2008, the content of each of which 1s

hereby incorporated by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The 1nvention relates to novel separating devices with the
aid of which sand and rock particles can be removed 1n a
process for the extraction of liquids or gases from wells
drilled 1n rock, and consequently the liquids or gases can be
extracted effectively.

BACKGROUND OF THE INVENTION

In the extraction of liquids and gases from wells drilled in
rock, there 1s in principle the problem of flushing out fine sand
and rock particles that have to be separated already 1n the well
from the medium that 1s to be extracted. This problem occurs
in particular in the extraction of mineral o1l and natural gas,
but also 1n the extraction of drinking water and in the exploi-
tation of ground heat.

PRIOR ART

This removal 1s conventionally achieved for example by
means of metal slotted hole screens, which 1n various con-
figurations take the form of a slotted metal sheet, woven wire
mesh or wire winding. A solution with a woven wire mesh 1s
described 1n U.S. Pat. No. 5,624,560. These screens are also
carried by a metal supporting structure to remain mechani-
cally stable. A major disadvantage of this type of construction
1s 1ts low resistance to wear. The abrasive rock particles cause
great wear.

In US 2004/005 0217 A1 and WO 2008/080402 A1, solu-
tions 1n which separating devices of porous permeable mate-
rials are used instead of the metal slotted hole screens are
described. The porous filter materials of US 2004/005 0217
Al may be metallic, ceramic or organic; in WO 2008/080402
Al, porous ceramic materials are used.

One problem of the solutions described in these two docu-
ments 1s that, on account of their low fracture toughnesses,
filters of porous ceramic materials tend to fracture as a result
of flexural loading. The ultimate bending strength 1s generally
well below 30% of that of the corresponding solid material
and 1s therefore not sufficient for the mechanical loads under
the operating conditions in wells drilled 1n rock.

A further problem 1s that the abrasion resistance of porous
ceramic materials 1s much less than that of solid ceramic
materials.

Furthermore, the solutions described in US 2004/005 0217

Al and WO 2008/080402 A1 are disadvantageous in that very
rapid clogging of the free screen area occurs. On account of
this problem when using porous ceramic materials for filter
applications, filter membranes 1n stationary applications are
usually operated with cyclical cleaning by flushing under
counterpressure. Since operation with cyclical counterpres-
sure has adverse effects on the output, 1t should be arranged
that the flushing intervals can be as far apart 1n time as pos-

sible.

OBJECT OF THE INVENTION

While overcoming the disadvantages of the prior art, the
invention 1s based on the object of providing a separating
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device for removing sand and rock particles 1n the extraction
of liquids or gases from wells drilled in rock, which has better
wear or abrasion resistance and a lower tendency to fracture

than the separating devices known 1n the prior art, and which
moreover 1s corrosion-resistant to acids and bases and with

which rapid clogging of the free filter area does not occur.

SUMMARY OF THE INVENTION

The above object 1s achieved according to the invention by
the separating devices and methods of the using the same
described herein. Advantageous and particularly expedient
refinements of the subject matter of the application are speci-
fied 1n the subclaims.

According to a first embodiment, the subject matter of the
invention 1s consequently a separating device for removing
sand and rock particles in the extraction of liquids or gases
from wells drilled 1n rock, comprising a plurality of annular
discs of a brittle-hard material stacked one on top of the other
and axially braced by means of a supporting structure, the
discs having on their upper side at least three spacers uni-
formly distributed over the circular circumierence of the
discs, the discs being stacked one on top of the other 1n such
a way that the spacers respectively lie one over the other, and
that a separating gap with a height of 0.05-1 mm, preferably
0.2-0.5 mm, 1s present i each case between the individual
discs.

According to a second embodiment, the subject matter of
the invention 1s a separating device for removing sand and
rock particles 1n the extraction of liquids or gases from wells
drilled 1n rock, comprising a plurality of bush-shaped ele-
ments of a brittle-hard material stacked one on top of the other
and axially braced by means of a supporting structure, slits
with a slit width of 0.03-1 mm, preferably 0.2-0.5 mm, being
formed in the bush-shaped elements.

The subject matter of the invention 1s similarly the use of
the separating devices according to the mvention for remov-
ing sand and rock particles in a process for extracting liquids
or gases from wells drilled 1n rock.

The separating devices according to the invention show a

lower tendency to fracture under flexural loading than the
systems described in US 2004/005 0217 A1 and WO 2008/

080402 Al.

A further advantage of the separating devices according to
the invention 1s that the use of solid, brittle-hard materials, 1n
particular ceramic matenals, brings about the advantages of
abrasion and corrosion resistance. The expression “solid”
means 1n connection with the materials according to the
invention that, by contrast with the solutions of the prior art,
they are not porous, so that the materials used according to the
invention themselves do not exhibit any filtering effect. The
abrasion and wear resistance and the corrosion resistance of
the separating devices according to the mvention are conse-
quently much greater than in the case of the devices of the
prior art described.

The corrosion resistance of the separating devices accord-
ing to the ivention, in particular with respect to acids, 1s
important, since 1t may be necessary to flush them clear with
acids.

A turther advantage of the separating devices according to
the 1invention 1s that rapid clogging of the free screen areas
does not occur. It i1s therefore not necessary to flush the
separating devices according to the invention clear at frequent
intervals, as 1in the case of the solutions known 1n the afore-
mentioned prior art. It 1s therefore sufficient to flush the
separating devices according to the invention clear at greater
time 1ntervals, 1f required.
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Furthermore, the free filter area of the separating device
according to the mnvention 1s greater than that of conventional

filter solutions 1n the form of wire windings, according for
example to WO 2008/080402 A1, which 1s generally below
10%.

Furthermore, the separating devices according to the
invention can be mtroduced 1nto curved wells, which repre-
sents a further advantage over the systems described 1n US

2004/005 0217 Al and WO 2008/080402 Al.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s explained on the basis of the drawings, in
which:

FIGS. 1a-1g show various views of an annular disc accord-
ing to a first embodiment of the invention;

FIGS. 2a-2d schematically show various views of annular
discs stacked one on top of the other according to the first
embodiment of the invention;

FIGS. 3a-3¢ show various views of annular discs stacked
one on top of the other and axially braced by means of a
supporting structure according to the first embodiment of the
imnvention;

FIGS. 4a-4¢ show various views of a bush-shaped, radially
slit element according to a second embodiment of the inven-
tion; and

FIGS. 5a-5¢ show various views of a bush-shaped, axially
slit element according to the second embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

In a first embodiment, the separating device according to
the mvention comprises annular discs which can be produced
simply and cost-effectively. The production of these annular
discs 1s possible by means of powder-metallurgical or
ceramic processes 1n automated mass production. The annu-
lar discs may be produced by what 1s known as the net-shape
process, 1n which the annular discs are pressed in near net
shape from powders. Complex machining of the annular discs
1s not required. The deviations 1n shape and size of the indi-
vidual annular discs that are to some extent unavoidable 1n a
sintering process are tolerable with a construction of the
separating device according to the ivention.

FIG. 1a shows the basic form of an annular disc 1 accord-
ing to the invention, which has on its upper side 2 at least three
spacers 3 uniformly distributed over the circular circumier-
ence of the discs. FIG. 15 shows a sectional view along the
line B-B 1n FIG. 1a. FIG. 1¢ shows a side view of an annular
disc, a spacer being arranged 1n the region Y. As shown by the
enlarged representation of the region Y 1n FIG. 1/, the spacers
3 are preferably given the form of spherical portions. FIG. 1d
shows a sectional view along the line A-A in FIG. 1a. An
enlarged representation of the region X through a spacer 3 1s
shown 1n FIG. 1e.

The upper side 2 of the annular disc 1 may be configured at
a right angle to the disc axis or sloping down mmwards with a
planar or curved surface. An inwardly sloping-down configu-
ration 1s advantageous with respect to a reduced tendency for
the separating device to clog.

The underside 4 (annular base) of the annular discs 1s
preferably sloping down inwards, preferably concavely, as
shown 1n FI1G. 1e. Here, the annular base 1s configured with a
radius R, while the concave shaping should be understood as
applying to the annular base as a whole. The concave shaping
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allows the individual annular discs easily to avoid structural
loading 1n accordance with the design principle of a spherical
axial bearing known per se.

Possible deviations in shape and size can be easily com-
pensated by the concave shaping of the annular base 1n com-
bination with the three-point contact.

In a preferred embodiment, the outer contours 6 of the
annular discs are configured with a bevel, as illustrated 1n
FIG. 1e. According to another preferred embodiment, the
edges may also be rounded. This represents still better pro-
tection of the edges from the edge loading that is critical for
brittle-hard materials.

A perspective view ol an annular disc according to the
invention 1s shown in FIG. 1g.

The 1nside diameter of the annular discs 1s preferably less
than 90%, more preferably less than 85%, of the outside
diameter of the annular discs, and the radial wall thickness of
the annular discs 1s preferably at least 2.5 mm. The thickness
of the discs 1s preferably 2 to 20 mm, more preferably 2 to 10
mm.

According to a preferred embodiment, the annular discs
may have a means for preventing twisting, as shown for
example by the grooves 11 1 FIG. 1a and FIG. 1g. This
ensures that, under axial loading, no tflexural moments occur
on the annular discs and the axial load always acts via the
contact points. Consequently, the annular discs are only under
compressive loading, suitable for the material.

To form a separating device according to the invention, the
annular discs are stacked axially one on top of the other and
axially braced by means of a supporting structure, as shown in
FIGS. 2a-2d and 3a-3c¢. FIG. 2a shows a plan view of a stack
of annular discs 1 according to the mvention. FIG. 25 shows
a sectional view along the line A-A from FIG. 2a. When the
annular discs are stacked one on top of the other, the spacers
3, arranged at 120° in relation to one another, respectably
come to lie one over the other, so that the axial load introduc-
tion takes place in the axis of the three spacers. This avoids the
edge loads that are critical for brittle-hard materials, and a
three-point contact at the desired contact points 1s achieved
even 1n the case of annular discs with deviations 1n shape. A
separating gap 5 with a height of 0.05-1 mm, preferably
0.2-0.5 mm, forms 1n each case between the individual discs
1.

FIG. 2¢ schematically shows a side view of a stack of
annular discs 1 with the formation of the separating gaps 5.
FIG. 2d 1s a perspective representation of a cut-open annular
stack.

A separating device according to the invention comprising
stacked annular discs which are axially braced by means of a
supporting structure 1s shown in FIGS. 3a-3¢. Here, the sup-
porting structure 1s given the form of a perforated supporting
tube 7.

The stack of annular discs may be made any height desired
and 1s limited only by the available length of the supporting
structures, such as the supporting tubes 7. Any desired num-
ber of these separating devices may be connected to one
another and axially braced by conventional screw connec-
tions 12 by means of the flange systems 13 and 14 and elastic
springs 15 arranged therebetween. FIG. 3a shows a plan view
ol the separating device according to the invention. FIG. 3b1s
a sectional view along the line A-A 1n FIG. 3a and FIG. 3¢ 1s
a perspective view of a cut-open separating device according
to FIGS. 34 and 354.

In FIGS. 3a-3c¢, the supporting tubes 7 are provided on the
outside, but they may also be arranged on the inside. The
supporting tubes must have passages 16 of any desired shape
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for the medium to be extracted. The dimensions of the pas-
sages 16 must be greater than the filter gaps, 1n order not to act
themselves as filters.

The axial alignment and axial bracing of the annular disc
stack 1s ensured by the supporting tubes. A combination of
two or more stack assemblies 1s made possible by means of
flanges 14 provided on the supporting tubes 7. Furthermore,
the forces occurring when the separating device 1s introduced
into the well or when 1t 1s removed from the well are trans-
terred via the supporting tubes 7. In the case of a supporting
tube lying on the outside, the separating device 1s protected
from 1mpact loading caused by rock in the well.

Supporting tubes lying on the outside are exposed to
increased wear from the surrounding hard rock particles.
However this 1s much less of a problem than 1n the case of the
separating device itsell, since the supporting tube does not
have narrow gaps. Moreover, 1f need be, the supporting tube
can be protected from abrasion by conventionally used wear
protection layers.

Furthermore, the supporting tubes may be configured with
or without a gap in relation to the annular stack. A configu-
ration with a gap allows better utilization of the filter area and
better flow around the disc stack.

The supporting tubes 7 brace the disc stack by means of
spring elements 135, and thus avoid widening of the filter gap
5 even during mntroduction mnto curved wells. The spring
clements may be formed, for example, as steel springs or
clastomer springs.

The basic function of the separating device according to the
invention that 1s represented by way of example 1 FIGS.
3a-3c 1s that of separating the mixture of liquid or gas with
sand or rock particles flowing onto 1t from the outside from
the stream of extracted liquid or gas against 1t on the inside.
All particles that are larger than the separating gap 5 between
two neighbouring discs 1 are effectively separated from the
stream extracted.

Depending on the size of the radius R (see FIG. 1¢) on the
underside 4 of the annular discs 1, the aforementioned design
principle with the spherical axial bearing allows the separat-
ing device to be introduced into curved wells.

The dimensions described above of the individual annular
discs allow a high mechanical load-bearing capacity during
use and good reliability of the process during production. The
width of the annular discs has no decisive influence on the
separating function. Different dimensions are therefore pos-
sible. On the other hand, the height of the annular discs 1s
decisive for the proportion made up by the free filter area. The
height of the annular discs i1s therefore a compromise of
mechanical load-bearing capacity and maximum output. It
should be adapted to the strength properties of the material
and the loading. The radius of the spherical axial bearing 1s
preferably 5 to 50 times, more preferably 10 to 40 times, the
outside diameter of the annular discs.

The radius of the spacers given the form of spherical por-
tions depends on the desired separating gap and the width of
the annular discs and, for the purposes of structural design, 1s
obtained from both values. Typical separating gaps have a
height between 0.2 and 0.5 mm and are based on the grain size
of the rock sand to be removed and the maximum permissible
particle size in the product stream. The dimensioning of the
separating gap corresponds to the maximum permissible par-
ticle size in the stream extracted.

In an actual design example, the free filter area 1n the case
of an annular disc height of altogether 3 mm and a gap height
of 0.4 mm 1s 13%. With correspondingly lower annular disc
heights, the proportion made up by the free area can be
increased still further. The maximum proportion that can be
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6

made up by the free area 1s limited only by the mechanical
load-bearing capacity of the annular discs. ",

T'his 1s 1n turn
dependent on the supporting structure and the strength of the
material.

According to a second embodiment, the separating device
according to the invention comprises a plurality of bush-
shaped elements stacked one on top of the other and axially
braced by means of a supporting structure, in which slits are
provided by machining. Here, the slits may be arranged radi-
ally and/or axially 1n relation to the bush axis.

FIGS. 4a-4¢ show an embodiment 1n which the slits 9 are
arranged radially in relation to the bush axis. FIG. 4a shows
the plan view of a bush-shaped element 8. FIG. 45 shows a
sectional view along the line A-A from FIG. 4a of the bush-
shaped element 8. FIG. 4¢ shows a perspective view of the
bush-shaped element 8. As can be seen from these represen-
tations, 1n the case of this embodiment individual rows of slits
9 are arranged oifset 1n relation to one another.

FIGS. 3a to 5¢ show a different embodiment of the bush-
shaped element 8, in which the slits 10 are arranged axially 1n
relation to the bush axis. FIG. 5a shows the plan view of such
a bush-shaped eclement 8. FIG. 356 shows a sectional view
along the line A-A from FIG. 5a of the bush-shaped element
8 and FIG. 5¢ shows an oblique view of the bush-shaped
element 8. As can be seen, 1n the case of this embodiment
three rows of axial slits 10, which are spaced apart from one
another, are arranged around the circular circumierence of the
bush.

Suitable machining methods for introducing the slits are,
for example, multi-wire sawing or waler sawing. By analogy
with the height of the separating gap 1n the case of the first
embodiment of the invention, the axial and/or radial slits have
a width of 0.03-1 mm, preferably 0.2-0.5 mm, slit widths of
less than 0.4 mm being further preferred for holding back
sands.

Corresponding to the construction in the case of the first
embodiment of the separating device according to the mven-
tion, the bush-shaped elements are axially gmided and braced
by supporting tubes lying on the inside or outside. They can
consequently be arranged 1n just the same way to give stacks
of any desired height.

To allow introduction into curved wells, preferably one
bush end face 1s concavely shaped, the other convexly shaped,
in order to allow the stack of bush-shaped elements to be able
to move 1n an angular manner on the principle of a spherical
axial bearing. As shown in FIG. 46 and FIG. 5b, the radius R
1s preferably 5 to 50 times, more preferably 10 to 40 times, the
outside diameter of the bush-shaped elements 8.

The height of the bush 1s based on the height that can be
produced cost-eflectively 1n a shaping process. In the case of
an actual exemplary embodiment, the height 1s, for example,
80 mm. Such aheight can be pressed 1n areliable process with
customary pressing powders and axial pressing.

Spacers are not required 1n the case of the bush-shaped
clements, since the slits that are introduced already provide
the screening eifect. However, the design may be identical to
that in the case of the first embodiment with respect to spacers
and a means for preventing twisting.

The construction with bush-shaped elements 1s advanta-
geous 1n comparison with a construction with annular discs 1n
that a smaller number of components i1s necessary to provide
a separating device according to the invention. However, the
greater strength of the bushes in principle 1n comparison with
the annular discs 1s reduced somewhat by the slits that are
necessary for a large free filter area.

In a way similar to in the case of the annular discs, the free
filter area in the case of the bush-shaped elements 1s a com-
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promise between the mechanical load-bearing capacity of the
bushes and the maximum free filter arca. With the same
mechanical load-bearing capacity, the maximum free filter
area 1n the case of the first embodiment with annular discs 1s
greater than in the case of the second embodiment with bush-
shaped elements.

The inside diameter of the bush-shaped elements 1s pref-
erably less than 90%, more preferably less than 85%, of the
outside diameter of the bush-shaped elements and the radial
wall thickness of the bush-shaped elements 1s preferably at
least 2.5 mm.

The outside diameter both of the annular discs 1n the case of
the first embodiment and of the bush-shaped elements 1n the
case of the second embodiment 1s preferably 50-200 mm.

The mechanical loads of the brittle-hard annular discs and
ol the bush-shaped elements can be reduced further 1f a film of
plastic 1s arranged between the annular discs or the bush-
shaped elements as an intermediate ring and/or the undersides
of the annular discs or the bush-shaped elements are coated
with a layer of plastic. This has the effect in particular of
reducing high point loads on the brittle-hard annular discs.
Consequently, either the height of the annular discs can be
reduced or, with the same height, the mechanical load-bear-
Ing capacity can be increased.

Suitable plastics may be chosen depending on the tempera-
ture and the extraction medium. For a temperature below
approximately 100° C. and extraction of water, for example,
simple standard plastics, such as polypropylene and polyeth-
ylene, may be used. In the case of temperatures up to approxi-
mately 140° C., so-called engineering plastics are necessary,
such as for example polyamide or polyoxyethylene (POM).
In the case of temperatures up to approximately 200° C. and
extraction of o1l or gas, so-called high-temperature plastics
may be used. Materials such as polyetheretherketone (PEEK)
or polytetrafluoroethylene (PTFE) still have good resistance
even under these conditions. The resistance of the film or
coating to abrasive wear can still be significantly increased by
reinforcement with ceramaic fillers.

The brittle-hard material of the annular discs or of the
bush-shaped elements 1s preferably chosen from oxidic and
non-oxidic ceramic materials, mixed ceramics of these mate-
rials, ceramic materials with the addition of secondary
phases, mixed materials with fractions of ceramic hard mate-
rials and with a metallic binding phase, precipitation-hard-
ened casting materials, powder-metallurgical materials with
hard matenal phases formed 1n situ and long- and/or short-
fibre-reinforced ceramic materials.

Examples of oxidic ceramic materials are Al,O;, ZrO,,
mullite, spinel and mixed oxides. Examples of non-oxidic
ceramic materials are S1C, B,C, TiB, and S1;N,. Ceramic
hard materials are, for example, carbides and borides.
Examples of mixed materials with a metallic binding phase
are WC—Co, TiC—Fe and TiB,—FeNiCr. Examples of hard
material phases formed 1n situ are chromium carbides. An
example of fibre-reinforced ceramic materials 1s C—Si1C.

The aforementioned maternials are distinguished by being
harder than the typically occurring rock particles, that 1s to
say the HV or HRC hardness values of these materials lie
above the corresponding values of the surrounding rock. All
these materials are at the same time distinguished by having
greater brittleness than typical unhardened steel alloys. In this
sense, these materials are referred to herein as “brittle-hard”.

Materials with a density of at least 90%, more preferably at
least 95%, of the theoretical density are preferably used, 1n
order to achieve the highest possible hardness values and high
abrasion and corrosion resistances. Sintered silicon carbide
(SS1C) or boron carbide are preferably used as the brittle-hard
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material. These materials are not only abrasion-resistant but
also corrosion-resistant to the acids usually used for flushing
out the separating device, such as for example HCI.
Particularly suitable are, for example, SS1C materials with
a fine-grained microstructure (mean grain s1ze<5 um), such as
are sold for example under the name EKasic® F from ESK
Ceramics GmbH & Co. KG. Furthermore, however, coarse-
grained SS1C materials may also be used, for example with a
bimodal microstructure, preferably 50 to 90% by volume of
the grain size distribution consisting of prismatic, platelet-
shaped S1C crystallites of a length of from 100 to 13500 um and
10 to 50% by volume consisting of prismatic, platelet-shaped

S1C crystallites of a length of from 5 to less than 100 um
(EKasic® C from ESK Ceramics GmbH & Co. KG).

EXAMPLES

The following example serves for further explanation of
the mvention.

Example 1
Ceramic Separating Device

In a design example, the outside diameter of the annular
filter discs 1s 100 mm, the 1mside diameter 80 mm. The height
of the annular discs 1s 3 mm. The radius R of the spherical
axial bearing (see FIG. 1e) 1s 2000 mm. The annular gap
between two neighbouring annular discs 1s 1n each case 0.4
mm. The radius of the three spacers, 1n the form of spherical
portions, on the annular discs 1s 25 mm. The wall thickness of
the metal supporting cage 1s 3 mm (see FIGS. 36 and 3¢). The
free filter area 1s 13%.

The total length of the separating device in the example 1s
1000 mm; this corresponds to 294 discs with the aforemen-
tioned dimensions 1n the disc stack.

In the exemplary embodiment, the material SS1C (EKa-

s1C® F) 1s used.

The mvention claimed 1s:

1. A separating device for removing sand and rock particles
in an extraction of liquids or gases from wells drilled 1n rock,
comprising a plurality of annular discs (1) of a brittle-hard
maternal stacked one on top of another and axially braced by
a supporting structure (7) having springs (15) configured to
avold widening of a gap between the supporting structure and
the stack of annular discs, the discs (1) having on their upper
side (2) at least three spacers (3) uniformly distributed over a
circular circumierence of the discs (1), the discs (1) being
stacked one on top of the other 1n such a way that the spacers
(3) respectively lie one over the other, and that a separating
gap (5) with a height of 0.05-1 mm 1s present 1n each case
between the individual discs (1).

2. The separating device according to claim 1, wherein the
spacers (3) are 1n the form of spherical portions.

3. The separating device according to claim 1, wherein the
upper side (2) of the annular discs (1) are formed at a right
angle to the disc axis.

4. The separating device according to claim 1, wherein the
upper side (2) of the annular discs (1) are formed sloping
down inwards with a planar or curved surface.

5. The separating device according to claim 1, wherein an
underside (4) of the annular discs (1) are formed sloping
down inwards according to the design principle of a spherical
axial bearing.

6. The separating device according to claim 5, wherein the
radius of the spherical axial bearing 1s 5 to 50 times the
outside diameter of the annular discs (1).
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7. The separating device according to claim 1, wherein the
outer edges (6) of the annular discs (1) are bevelled or
rounded.

8. The separating device according to claim 1, wherein the
inside diameter of the annular discs (1) are less than 90% of
the outside diameter of the annular discs (1).

9. The separating device according to claim 1, wherein the
radial wall thickness of the annular discs (1) 1s at least 2.5
mm.

10. The separating device according to claim 1, wherein the
thickness of the annular discs (1) 1s 2 to 20 mm.

11. The separating device according to claim 1, where the
annular discs (1) have a means of preventing twisting (11).

12. The separating device according to claim 1, wherein the
supporting structure (7) comprises supporting tubes provided
on the 1nside and/or outside.

13. The separating device according to claim 1, wherein the
brittle-hard material of the annular discs (1) 1s chosen from
ox1dic and non-oxidic ceramic materials, mixed ceramics of
these materials, ceramic materials with the addition of sec-
ondary phases, mixed materials with fractions of ceramic
hard materials and with a metallic binding phase, precipita-
tion-hardened casting materials, powder-metallurgical mate-
rials with hard material phases formed 1n situ and long- and/or
short-fibre-reinforced ceramic materials.
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14. The separating device according to claim 13, wherein
the brittle-hard materials have a density of at least 90% of the
theoretical density.

15. The separating device according to claim 13, wherein
the brittle-hard matenial 1s sintered silicon carbide (SS1C) or
boron carbide.

16. The separating device according to claim 1, further
comprising a film of plastic arranged between the annular
discs (1) as an intermediate ring and/or a plastic coating on an
underside of the annular discs.

17. The separating device according to claim 1, wherein the
separating gap has a height of 0.2-0.5 mm between the 1ndi-
vidual discs (1).

18. The separating device according to claim 1, wherein an
underside (4) of the annular discs (1) 1s formed concavely
according to the design principle of a spherical axial bearing,
wherein a radius of the spherical axial bearing 1s 10 to 40
times the outside diameter of the annular discs.

19. A method comprising using the separating device
according to claim 1 for removing sand and rock particles 1n

a process for extracting liquids or gases from wells drilled 1n
rock.
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